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@ A thin film transistor pair and a process for fabricating the same. 



(57) A thin film transistor pair including a gate 
electrode having first and second gate portions 
and a process for fabricating the same are 
provided. The process includes forming a sour- 
ce region and a drain region in a first semicon- 
ductor layer using a first resist film used for the 
formation of the first gate portion, and forming 
a source region and a drain region in a second 
semiconductor layer using a second resist film 
used for the formation of the second gate por- 
tion. The first and second gate portions may 
have widened joint portions connected to each 
other. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a thin film tran- 
sistor pair and a process for fabricating the same. 
More particularly, the present invention relates to a 
thin film transistor pair suitably applied to an active 
matrix substrate for a liquid crystal display apparatus, 
an image sensor, and the like, and a process for fab- 
ricating the same. 

2. Description of the Related Art 

An active matrix substrate for a liquid crystal dis- 
play apparatus and an image sensor are driven by an 
outer drive circuit In recent years, there has arisen a 
need for forming the drive circuit on the active matrix 
substrate or on a substrate on which the image sensor 
is formed as an integral part thereof. Such a drive cir- 
cuit includes a thin film transistor pair (hereinafter re- 
ferred to as a TFT pair") having a CMOS structure 
formed on a transparent insulating substrate. 

Figure 5 is a plane view of a conventional TFT pair 
having a CMOS structure. This TFT pair will be briefly 
described. Semiconductor layers 21 and 22 are 
formed on a transparent insulating substrate (not 
shown). The semiconductor layer 21 includes a p-ty- 
pe source region 21a, a p-type drain region 21b, and 
an n-type channel region 21c interposed between the 
source and drain regions 21a and 21b. The semicon- 
ductor layer 22 includes an n-type source region 22a, 
an n-type drain region 22b, and a p-type channel re- 
gion 22c interposed between the source and drain re- 
gions 22a and 22b. Gate electrodes 23 and 24 are 
formed on a gate insulating film (not shown) covering 
the semiconductor layers 21 and 22. The gate elec- 
trodes 23 and 24 are formed separately, and are elec- 
trically isolated from each other. They have been dop- 
ed with impurity atoms of opposite conductivity types 
to each other. An interlevel insulating film (not shown) 
is formed covering the semiconductor layers 21 and 
22 and the gate electrodes 23 and 24. The interlevel 
insulating film has a plurality of contact holes 27 to 32. 
The contact holes 27 and 28 reach the gate electro- 
des 23 and 24, respectively. The contact holes 29 and 
30 reach the source region 21a and the drain region 
21b, respectively. The contact holes 31 and 32 reach 
the source region 22a and the drain region 22b, re- 
spectively. The gate electrodes 23 and 24 are con- 
nected to each other through an electrode wiring 33. 

The conventional TFT pair having the above 
structure is fabricated as follows: 

As shown in Figure 6, the semiconductor layers 
21 and 22 are formed on the transparent insulating 
substrate (not shown). The semiconductor layers 21 
and 22 are covered with the gate insulating film (not 
shown). Then, a gate material (not shown) is depos- 



ited on the gate insulating film. A resist film (not 
shown) patterned to cover portions allocated for the 
gate electrodes 23 and 24 is formed on the gate ma- 
terial. Using the resist film as a mask, the gate mate- 

5 rial is etched, so that the gate electrodes 23 and 24 
are formed as shown in Figure 7. The gate electrodes 
23 and 24 are made of undeped polysilicon or metal. 

As shown in Figure 8, after the removal of the re- 
sist film used for the formation of the gate electrodes 

10 23 and 24, a resistf ilm 80 (shown as the hatched area 
in Figure 8) is formed so as to cover the semiconduc- 
tor layer 22. Using the resist film 80 as a mask, the 
semiconductor layer 21 is doped with p-type impurity 
atoms 25 by ion implantation or other doping meth- 

15 ods, so that the p + -type source region 21a and the 
p + -type drain region 21b are formed. At this doping, 
the gate electrode 23 is also doped with the p-type 
impurity atoms 25. 

As shown in Figure 9, after the removal of the re- 

20 sist film 80, a resist film 90 (shown as the hatched 
area in Figure 9)is formed so as to coverthe semicon- 
ductorlayer21 . Using the resist film go as a mask, the 
semiconductor layer 22 is doped with n-type impurity 
atoms 26 by ion implantation or other doping meth- 

25 ods, so that the n + -type source region 22a and the n + - 
type drain region 22b are formed. At this doping, the 
gate electrode 24 is also doped with the n-type impur- 
ity atoms 26. After the removal of the resist film 90, 
the interlevel insulating film (not shown) is formed 

30 covering the semiconductor layers 21 and 22 and the 
gate electrodes 23 and 24. 

Thereafter, as shown in Figure 10, the contact 
holes 27 to 32 are formed. The contact holes 27 and 
28 are formed so as to reach the gate electrodes 23 

35 and 24, respectively. The contact holes 29 and 30 are 
formed so as to reach the p + -type source and drain 
regions 21a and 21b, respectively. The contact holes 
31 and 32 are formed so as to reach the n + -type 
source and drain regions 22a and 22b, respectively. 

40 Finally, as shown in Figure 5, the electrode wiring 33 
made of metal is formed for connecting the gate elec- 
trodes 23 and 24. Thus, the TFT pair having the 
CMOS structure as shown in Figure 5 is completed. 
According to the conventional process for fabri- 

45 eating the TFT pair, after the formation of the gate 
electrodes on the respective semiconductor layers, 
the semiconductor layers are individually doped with 
p-type or n-type impurity atoms using different resist 
films. Conventionally, the process for fabricating the 

so TFT pair requires at least six photolithographic steps 
which include patterning or doping by use of a resist 
film as a mask. These steps include: (1) forming the 
semiconductor layers, (2) forming the gate electro- 
des, (3) doping one of the semiconductor layers with 

55 the p-type impurity atoms, (4) doping the other sem- 
iconductor layer with the n-type impurity atoms, (5) 
forming the contact holes, and (6) forming the elec- 
trode wiring. In general, as the number of photolitho- 



BNSDOCID: <EP 05B24S6A2J_> 



3 



EP 0 582 486 A2 



1 

4 



graphic steps increases, the operation efficiency low- 
ers and the production yield of the resultant TFT pairs 
lowers. Therefore, the number of photolithographic 
steps should be as small as possible. 

Further, in the conventional TFT pairs, since the 
gate electrodes are formed separately, different con- 
tact holes reaching the respective gate electrodes are 
required. In general, as the number of contact holes 
increases, the production yield of the resultant TFT 
pairs lowers. Therefore, the number of contact holes 
should be as small as possible. 

SUMMARY OF THE INVENTION 



said source region and said drain region; a gate insu- 
lating film covering said first semiconductor layer and 
said second semiconductor layer; and a gate elec- 
trode formed on said gate insulating film, said gate 
5 electrode having a first gate portion covering said 
channel region of said first semiconductor layer and 
a second gate portion covering said channel region of 
said second semiconductor layer, wherein said first 
gate portion and said second gate portion constitute 
10 a single continuous layer, and said gate electrode is 
made of polysilicon doped with impurity atoms of sub- 
stantially one of said first conductivity type and said 
second conductivity type. 

According to another aspect of the present inven- 
tion, there is provided a process for fabricating a thin 
film transistor pair, said thin f flm transistor pair includ- 
ing: a substrate; a first semiconductor layerformed on 
said substrate; a second semiconductor layerformed 
on said substrate at a position apart from said first 
semiconductor layer; a gate insulating film covering 
said first semiconductor layer and said second semi- 
conductor layer; and a gate electrode formed on said 
gate insulating film, said gate electrode having a first 
gate portion covering a channel region of said first 
semiconductor layer and a second gate portion cov- 
ering a channel region of said second semiconductor 
layer, said process comprising the steps of: forming 
said first semiconductor layer and said second semi- 
conductor layer on said substrate; forming said insu- 
lating film covering said first semiconductor layer and 
said second semiconductor layer; forming a gate ma- 
terial film on said gate insulating f flm; forming a first 
resist film on said gate material film, said first resist 
film being patterned to cover a portion allocated for 
said first gate portion and at least a portion allocated 
for said second gate portion and said second semi- 
conductor layer; forming said first gate portion by 
etching said gate material film using said first resist 
film as a mask; doping a portion of said first semicon- 
ductor layer not covered with said first gate portion 
with impurity atoms of a first conductivity type before 
the removal of said first resist film so as to form a 
source region and a drain region in said first semicon- 
ductor layer removing said first resist film; forming a 
second resist film patterned to cover at least said first 
gate portion and said first semiconductor layer and a 
portion allocated for said second gate portion of said 
gate material film; forming said second gate portion 
by etching said gate material film using said second 
resist film as a mask; doping a portion of said second 
semiconductor layer not covered with said second 
gate portion with impurity atoms ofa second conduc- 
tivity type before the removal of said second resist 
film so as to form a source region and a drain region 
in said second semiconductor layer; and removing 
said second resist f flm. 

According to yet another aspect of the present in- 
vention, there is provided a process for fabricatinga 



The thin film transistor pair of this invention com- 15 
prises: a substrate; a first semiconductor layer 
formed on said substrate, said first semiconductor 
layer having a source region of a first conductivity 
type, a drain region of said first conductivity type, and 
a channel region interposed between said source re- 20 
gion and said drain region; a second semiconductor 
layerformed on said substrate at a position apart from 
said first semiconductor layer, said second semicon- 
ductor layer having a source region of said second 
conductivity type, a drain region of said second con- 25 
ductivity type, and a channel region interposed be- 
tween said source region and said drain region; a gate 
insulating film covering said first semiconductor layer 
and said second semiconductor layer; and a gate 
electrode formed on said gate insulating f 3m, said 30 
gate electrode having a first gate portion covering 
said channel region of said first semiconductor layer 
and a second gate portion covering said channel re- 
gion of said second semiconductor layer, wherein 
said first gate portion of said gate electrode has a first 35 
joint portion having a widt h greater than that of the re- 
maining portion of said first gate portion, and said 
second gate portion of said gate electrode has a sec- 
ond joint portion having a width greater than that of 
the remaining portion of said second gate portion, 40 
said first and second joint portions being connected 
to each other, and wherein said first gate portion with 
said first joint portion and said second gate portion 
with said second joint portion constitute a single con- 
tinuous layer. 45 

According to another aspect of the present inven- 
tion, there is provided a thin film transistor pair com- 
prising: a substrate; a first semiconductor layer 
formed on said substrate, said first semiconductor 
layer having a source region of a first conductivity so 
type, a drain region of said first conductivity type, and 
a channel region interposed between said source re- 
gion and said drain region; a second semiconductor 
layerformed on said substrate ata position apart from 
said first semiconductor layer, said second semicon- 55 
ductor layer having a source region of said second 
conductivity type, drain region of said second conduc- 
tivity type, and a channel region interposed between 
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thin film transistor pair, said thin film transistor pair in- 
cluding: a substrate; a first semiconductor layer 
formed on said substrate; a second semiconductor 
layer formed on said substrate ata position apart from 
said first semiconductor layer; a gate insulating film s 
covering said first semiconductor layer and said sec- 
ond semiconductor layer; and a gate electrode 
formed on said gate insulating film, said gate elec- 
trode having a first gate portion covering a channel re- 
gion of said first semiconductor layer and a second w 
gate portion covering a channel region of said second 
semiconductor layer, said process comprising the 
steps of: forming said first semiconductor layer and 
said second semiconductor layer on said substrate; 
forming said insulating film covering said first semi- is 
conductor layer and said second semiconductor lay- 
er; forming a gate material film on said gate insulating 
film; forming a first resist film on said gate material 
film, said first resist film being patterned to cover a 
portion allocated for said first gate portion and at least 20 
a portion allocated for said second gate portion and 
said second semiconductor layer; forming said first 
gate portion by etching said gate material film using 
said first resist film as a mask; removing said first re- 
sist film; doping a portion of said first semiconductor 25 
layer not covered with said first gate portion with im- 
purity atoms of a first conductivity type after the re- 
moval of said first resist film so as to form a source 
region and a drain region in said first semiconductor 
layer; forming a second resist film patterned to cover 30 
at least said first gate portion and said first semicon- 
ductor layer and a portion allocated for said second 
gate portion of said gate material film; forming said 
second gate portion by etching said gate material film 
using said second resist film as a mask; doping a por- 35 
tion of said second semiconductor layer not covered 
with said second gate portion with impurity atoms of 
a second conductivity type before the removal of said 
second resist film so as to form a source region and 
a drain region in said second semiconductor layer; 40 
and removing said second resist film. 

Thus, the invention described herein makes pos- 
sible the advantages of (1) providing a thin film tran- 
sistor pair fabricated with enhanced production yield 
by reducing the numberof contact holes and the num- 45 
ber of photolithographic steps, and (2) providing a 
process for fabricating such a thin film transistor. 

These and other advantages of the present in- 
vention will become apparent to those skilled in the 
art upon reading and understanding the following de- 50 
tailed description with reference to the accompanying 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Figure 1 is a plan view of a thin film transistor pair 
of a first example according to the present invention. 
Figures 2 to 4 are plan views showing a process 



for fabricating the thin film transistor pair of Figure 1 
according to the present invention. 

Figure 5 is a plan view of a conventional thin film 
transistor pain 

Figures 6 to 10 are plan views showing a conven- 
tional process for fabricating the thin film transistor 
pair of Figure 5. 

Figures 11 A to 11F are sectional views showing 
the process for fabricating the thin film transistor pair 
of Figure 1 according to the present invention. 

Figure 12 is a plan view of a modification of the 
thin film transistor pair of Figure 1 according to the 
present invention. 

Figures 1 3 and 1 4 are plan views showing a proc- 
ess for fabricating the thin film transistor pair of Figure 
12 according to the present invention. 

Figures 15Ato 15G are sectional views showing 
a process for fabricating a thin film transistor pair of 
a second example according to the present invention. 

Figure 16 is a plan view of a thin film transistor 
pair of a third example according to the present inven- 
tion. 

Figure 17 is a circuit diagram of the thin film tran- 
sistor pair of Figure 16. 

Figures 18A to 18D are sectional views showing 
a process for fabricating the thin film transistor pair of 
Figure 16 according to the present invention. 

Figures 19A to 19D are sectional views showing 
a process for fabricating a thin film transistor pair of 
a fourth example according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described by way of 
example with reference to the attached drawings. 

Example 1 

Referring to Figure 1, the structure of the TFT 
pair of this example will be described. The TFT pair 
includes semiconductor layers 1 and 2 formed sepa- 
rately on a transparent insulating substrate (not 
shown) made of glass or the like. The semiconductor 
layer 1 includes a p-type source region 1a, a p-type 
drain region 1b, and a channel region 1c inter posed 
between the source and drain regions 1a and 1 b. The 
semiconductor layer 2 includes an n-type source re- 
gion 2a, an n-type drain region 2b, and a channel re- 
gion 2c interposed between the source and drain re- 
gions 2a and 2b. A gate electrode 3 is formed on a 
gate insulating film (not shown) covering the semi- 
conductor layers 1 and 2. 

The gate electrode 3 is formed of a polysilicon 
film doped with substantially either p-type impurity 
atoms or n-type impurity atoms. The phrase, "a poly- 
silicon film doped with substantially either p-type im- 
purity atoms or n-type impurity atoms" as used herein 
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is defined as allowing the other p-type impurity atoms 
or n-type impurity atoms to enter the polysilicon film 
as far as the content thereof is within a predeter- 
mined limit More practically, when the polysilicon film 
contains second-conductivity type impurity atoms of 5 
25% or less of the dose of first-conductivity type im- 
purity atoms, the inclusion of the second-conductivity 
type impurity atoms in the polysilicon film is disre- 
garded. This is because such a low-level inclusion 
does not substantially affect the function of the gate 10 
electrode. For example, when the dose of the first- 
conductivity type impurity atoms is 2 x 10 15 ions/cm 2 , 
the allowable amount of the second-conductivity type 
impurity atoms in the polysilicon film is 5 x 14 u 
ions/cm 2 . 15 

The gate electrode 3 may be formed of a metal 
film such as an aluminum film. 

The gate electrode 3 includes two gate electrode 
portions 3a, and 3b. The gate electrode portion 3a 
covers at least the channel region 1c of the semicon- to 
ductor layer 1 . The gate electrode portion 3b covers 
at least the channel region 2c of the semiconductor 
layer 2. The gate electrode portions 3a and 3b con- 
stitute a single continuous layer. In the present spec- 
ification, the term, "a single continuous layer" as used 25 
herein is defined as "a spatially continuous layer hav- 
ing substantially identical electrical properties." 

In this example, the gate electrode portions 3a 
and 3b are respectively shaped as the letter L as 
shown in Figure 1. However, the gate electrode por- 30 
tions 3a and 3b may be in any shape as far as t he gate 
electrode portions 3a and 3b cover at least the chan- 
nel region 1c of the semiconductor layer 1 and the 
channel region 2c of the semiconductor layer 2, re- 
spectively. For example, they can be shaped as the 35 
letter I or U. 

In this example, the width of the gate electrode 
portions 3a and 3b is uniform over the length thereof 
as shown in Figure 1 . However, it need not be uniform. 
For example, as shown in Figure 1 2, joint portions 3c 40 
and 3d of the gate electrode portions 3a and 3b, re- 
spectively, can be wider than the remaining portions 
of the gate electrode portions 3a and 3b. This struc- 
ture will be described later. 

An inter level insulating film (not shown) is formed 45 
covering the semiconductor layers 1 and 2 and the 
gate electrode 3. The interlevel insulating film has a 
plurality of contact holes 4 to 8. The contact holes 4 
and 5 reach the source region 1a and the drain region 
41b, respectively. The contact holes 6 and 7 reach the so 
source region 2a and the drain region 2b, respective- 
ly. The contact hole 8 reaches the gate electrode 3. 

The process for fabricating the TFT pair having 
the above structure will be described with reference 
to Figures 2 to 4 and Figures 11 A to 11 F as follows: 55 

As shown in Figures 2 and 11 A, a semiconductor 
film such as a polysilicon film is formed on a transpar- 
ent insulating substrate 110 and patterned to form the 



semiconductor layers 1 and 2 on the transparent in- 
sulating substrate 110. The thickness of the semicon- 
ductor layers 1 and 2 is 100 nm, for example. 

Then, as shown in Figure 11 B, the semiconductor 
layers 1 and 2 are covered with a gate insulating film 
111 made of silicon dioxide or other insulators. Agate 
material fflm 112 is formed on the gate insulating film 

111 by chemical vapor deposition (CVD) or sputtering. 
The gate material film 112 of this example is made of 
polysilicon doped with either p-type impurity atoms or 
n-type impurity atoms. 

A resist film 9 is formed on the gate material fflm 

112 and patterned as shown in Figure 3 (hatched 
area) so as to cover an area allocated for the gate 
electrode portion 3a and at least an area allocated for 
the gate electrode portion 3b and the. semiconductor 
layer 2. The resist film 9 can be formed, for example, 
by applying a positive resist on the entire surface of 
the gate material fflm 112, exposing the resist to light 
using a mask of the pattern shown by the hatched 
area in Figure 3, and developing the resist Then, 
areas which are not covered with the resist film 9 are 
completely etched, thus to form the gate electrode 
portion 3a. 

With the resist film 9 kept unremoved, the semi- 
conductor layer 1 is doped with either p-type impurity 
atoms or n-type impurity atoms by a first ion implan- 
tation or doping. For example, as shown in Figure 
11C, the semiconductor layer 1 can be doped with p- 
type impurity atoms 10. As a result the p + -type 
source region 1a and the p + -type drain region 1b are 
formed. Boron (B*) can be used as the p-type impur- 
ity atoms 10. The resist film 9 is removed after the 
first ion implantation or doping. 

Thereafter, a resist film 11 is formed on the gate 
material film 112 and patterned as shown in Figure 4 
(hatched area) so as to cover an area allocated for the 
gate electrode portion 3b and at least the gate elec- 
trode portion 3a and the semiconductor layer 1. The 
resist film 11 can be formed, for example, by applying 
a positive resist on the entire surface of the gate ma- 
terial film 112, exposing the resist to light using a 
mask of the pattern shown by the hatched area in Fig- 
ure 4, and developing the resist Then, areas which 
are not covered with the resist film 11 are completely 
etched, thus to form the gate electrode portion 3b. As 
a result the gate electrode portions 3a and 3b are 
formed as a single continuous layer. 

With the resist fflm 11 kept unremoved, a second 
ion implantation or doping is conducted in which the 
semiconductor layer 2 is doped with impurity atoms 
of the conductivity type different from the one used 
for the first ion implantation or doping. For example, 
as shown in Figure 11D, the semiconductor layer 2 
can be doped with n-type impurity atoms 12. As a re- 
sult the n + -type source region 2a and the n + -type 
drain region 2b are formed. Phosphorus (P*) can be 
used as the n-type impurity atoms 12. The resist fflm 
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11 is removed after the second ion implantation or 
doping. 

According to the fabricating process or this ex- 
ample, an integrally formed gate electrode is ob- 
tained. That is, the gate electrode 3 is formed as a sin- 
gle continuous layer having the gate electrode por- 
tions 3a and 3b. By the aforementioned conventional 
fabricating process, it is difficult to form a TFT pair 
having such an integrally formed gate electrode made 
of polysilicon because of the following reasons: 

A polysilicon film undoped with impurity atoms 
has a high resistance. Accordingly, when used as the 
material for the gate electrode, the polysilicon film 
needs to be doped with either p-type or n-type impur- 
ity atoms. This doping is preferably uniform over the 
entire polysilicon film. This is because, when the con- 
centration of carriers contained in the gate electrode 
is not uniform, a p-n junction or a high-resistance por- 
tion may beformed in the gate electrode, which caus- 
es a problem of low conductivity. 

If an integrally formed gate electrode is formed 
according to the conventional fabricating process, a 
gate electrode portion for the p-channel TFT is doped 
with p-type impurity atoms and a gate electrode por- 
tion for the n-channel TFT is doped with n-type impur- 
ity atoms. This results in that one part of the integrally 
formed gate electrode is high in the concentration of 
the p-type impurity atoms and the other part thereof 
is high in the concentration of the n-type impurity 
atoms. As a result, a uniform concentration of carriers 
in the gate electrode is not obtained. Further, depend- 
ing on the shape of the resist films used at the doping 
of the impurity atoms, the gate electrode may include 
portions undoped or doped with both p-type and n-ty- 
pe impurity atoms. This also results in the non-uni- 
form concentration of carriers in the gate electrode. 
Because of these reasons, it is difficult to obtain an 
Integrally formed gate electrode for the TFT pair by 
the conventional fabricating process. 

The fabricating process of this example makes it 
possible to fabricate the TFT pair including the gate 
electrode made of polysilicon having a structure 
which can not be obtained by the conventional fabri- 
cating process. By integrally forming the gate elec- 
trode, it is not necessary to form two contacts as con- 
ventionally required for connecting the two electrical- 
ly-isolated gate electrodes through the metal inter- 
connection. This reduces the number of contacts re- 
quired for the TFT pair, and as a result lowering of the 
production yield caused by a contact defect can be 
prevented. 

The fabricating process of this example is also 
advantageous in that the same resist film used for the 
formation of the gate electrode can be used for the 
formation of the source region and the drain region. 
Moreover, the same resist film used for the formation 
of the gate electrode can be used to protect the 
source region and the drain region of one of the con- 



ductivity types from being doped with impurities of 
the other conductivity type. As a result, the three 
steps in the conventional fabricating process, i.e., (1) 
formation of the gate electrodes, (2) doping one sem- 

5 iconductor layer with p-type impurity atoms, and (3) 
doping the other semiconductor layer with n-type im- 
purity atoms, can be simplified into two steps, i.e., 
(1)' forming part of the gate electrode and doping the 
semiconductor layer with p-type impurity atoms and 

10 (2)' forming the remaining part of the gate electrode 
and doping the semiconductor layer with n-type im- 
purity atoms. 

The above conventional steps (1) to (3) each in- 
clude one photolithographic process. The steps 

15 (1)' and (2)' also each include one photolithographic 
process. Therefore, according to the fabricating proc- 
ess of this example, one photolithographic process 
can be eliminated. Reducing the number of photoli- 
thographic processes contributes to improving the 

20 production yield because of the following reasons: 
In the photolithographic process, a defect such 
as a disconnection and a short-circuit tends to occur 
due to the attachment of fine particles floating in the 
air to a mask used at the process. Such a defect is 

25 more critical as the width of the interconnection be- 
tween the electrodes is made smaller. The possibility 
of the occurrence of such a defect decreases by re- 
ducing the number of photolithographic processes. 
As a result, the production yield improves. 

30 As mentioned earlier, the joint portions 3c and 3d 

which are end portions of the gate electrode portions 
3a and 3b, respectively, for connecting to each other 
have preferably a greater width than the remaining 
portions of the gate electrode portions 3a and 3b, as 

35 shown in Figure 12. By forming such wider portions, 
the resist films 9 and 11 used for the formation of the 
gate electrode portions 3a and 3b can be easily 
aligned. This is very important because more delicate 
alignment is required as the width of the interconnec- 

40 tion between the electrodes is smaller. Moreover, 
when the joint portions 3c and 3d are wider, the con- 
tact hole 8 formed on the joint portions 3c and 3d can 
be sufficiently large even when the remaining por- 
tions of the gate electrode portions 3a and 3b are nar- 

45 rower. With the large contact hole, the resistance 
thereof can be reduced. Accordingly, forming the joint 
portions 3c and 3d having a width greater than the 
other portions of the gate electrode portions 3a and 
3b is advantageous both for the formation of the gate 

so electrode 3 and the formation of the contact hole 8. 

Assuming that the alignment accuracy of a step- 
per used for the photolithographic process is within 
±0.5 um and the accuracy of the mask is within ±1 
um. When the gate electrode 3 is formed using this 

55 stepper, the width of the joint portions 3c and 3d is 
preferably greater than that of the remaining portions 
of the gate electrode portions 3a and 3b by 1 .5 um or 
more. Also, assuming that the alignment accuracy of 
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an aligner used for the photolithographic process is 
within ±3 urn and the accuracy of the mask is within 

I tint When the gate electrode 3 is formed using this 
aligner, the width of the joint portions 3c and 3d is pre- 
ferably greater than that of the remaining portions of s 
the gate electrode portions 3a and 3b by 4 um or 
more. 

In order to form the gate electrode 3 having the 
shape as shown in Figure 12, the resist film 9 should 
have a pattern as shown in Figure 13 in which the 10 
width of a portion 9c thereof corresponding to the 
joint portion 3c is greater than that of a portion 
9c' thereof corresponding to the remaining portion of 
the gate electrode portion 3a. Likewise, the resist film 

II should have a pattern as shown in Figure 14 in is 
which the width of a portion 11d thereof correspond- 
ing to the joint portion 3d is greater than that of a por- 
tion 11d* thereof corresponding to the remaining por- 
tion of the gate electrode portion 3b. The resist film 

11 with the above shape should be formed so that it 20 
would not overlap the resist film 9 if the resist film 9 
had not been removed, except for the wider portion 
11d. This ensures that there exists no unnecessary 
electrode portion (a portion left unetched) around the 
joint portions 3c and 3d. 25 

As shown in Figure 1 1 E, after the formation of the 
gate electrode 3, an interlevel insulating film 113 hav- 
ing a thickness of 500 nm, for example, is formed cov- 
ering the semiconductor layers 1 and 2 and the gate 
electrode 3. The contact holes 4 to 8 are formed 30 
through the interlevel insulating fflm 113. The contact 
holes 4 and 5 are formed so as to reach the pMype 
source region 1a and the pMype drain region lb, re- 
spectively. The contact holes 6 and 7 are formed so 
as to reach the nMype source region 2a and the n + - 35 
type drain region 2b, respectively. The contact hole 8 
is formed so as to reach the gate electrode 3. Then, 
as shown in Figure 11F, conductive material such as 
metal is deposited on the interlevel insulating film 1 1 3 
burying the contact holes 4 to 8, thus forming an elec- 40 
trode 114. The electrode 114 is used as an external 
wire connection for electrically connecting the TFT 
pair to an outer circuit (not shown). 

In the illustrated example, the gate electrode is 
made of polysilicon doped with either p-type or n-type 45 
impurity atoms. Alternatively, the gate electrode may 
be made of metal such as tungsten, titanium, molyb- 
denum, and the like having a high melting point in- 
cluding a silicide thereof. Aluminum may also be 
used, which is advantageous in having a lower resis- so 
tance than the former metals having a high melting 
point 



Example 2 

A second example of the fabricating process ac- 
cording to the present invention will be described with 
reference to Figures 15A to 15G as follows: 



55 



Figures 15A and 15B are the same as Figures 
1 1 Aand 1 1 B of Example 1 . That is, after the formation 
of semiconductor layers 1 and 2 on a transparent in- 
sulating substrate 110, a gate insulating fQm 111 and 
a gate material f flm 1 1 2 are formed. The gate material 
film 1 1 2 is made of polysilicon doped with either p-ty- 
pe or n-type impurity atoms. 

Then, a resist fflm 9 is formed on the gate mate- 
rial fQm 112 and patterned as shown in Figure 3 
(hatched area) so as to cover an area allocated for a 
gate electrode portion 3a and at least an area allocat- 
ed for a gate electrode portion 3b and the semicon- 
ductor layer 2. The resist film 9 can be formed, for ex- 
ample, by applying a positive resist on the entire sur- 
face of the gate material film 112, exposing the resist 
to light using a mask of the pattern shown by the 
hatched area in Figure 3, and developing the resist. 
Then, areas which are not covered with the resist film 
9 are completely etched, thus forming the gate elec- 
trode portion 3a as shown in Figure 15C. The resist 
film 9 is then removed. 

After the removal of the resist film 9, the semi- 
conductor layer 1 is doped with impurity atoms of the 
same conductivity type as that of the gate electrode 
portion 3a by a first ion implantation or doping. Note 
that the gate electrode portion 3a is simultaneously 
doped with the impurity atoms since it is not covered 
with the resist film 9. As a result a source region 1a 
and a drain region 1b of the same conductivity type 
as that of the gate electrode portion 3a are obtained. 
For example, when the gate electrode portion 3a has 
been doped with p-type impurity atoms, the semicon- 
ductor layer 1 is doped with p-type impurity atoms 10 
as shown in Figure 15D. Boron can be used as the p- 
type impurity atoms 10. 

Then, a resist film 11 is formed on the gate ma- 
terial film 112 and patterned as shown in Figure 4 
(hatched area) so as to cover an area allocated for a 
gate electrode portion 3b and at least a gate electrode 
portion 3a and the semiconductor layer 1. The resist 
film 11 can be formed, for example, by applying a pos- 
itive resist on the entire surface of the gate material 
film 112, exposing the resist to light using a mask of 
the pattern shown by the hatched area in Figure 4 t 
and developing the resist Then, areas which are not 
covered with the resist f flm 11 are completely etched, 
thus to form the gate electrode portion 3b. As a result 
the gate electrode portions 3a and 3b are formed as 
a single continuous layer. 

With the resist film 11 kept un removed, a second 
ion implantation or doping is conducted in which the 
semiconductor layer 2 is doped with impurity atoms 
of the conductivity type different from the one used 
for the first ion implantation or doping. Since the gate 
electrode portion 3b is covered with the resist film 11 1 
it is not doped with the impurity atoms during the sec- 
ond doping. Accordingly, the conductivity type of a 
source region 2a and a drain region 2b and that of the 
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gate electrode portion 3b are different from each 
other. For example, when the gate electrode portion 
3a has been doped with p-type impurity atoms, the 
semiconductor layer 2 is doped with n-type impurity 
atoms 12 as shown in Figure 15E. Phosphorus can be 
used as the n-type impurity atoms 12. The resist film 
11 is removed after the second ion implantation or 
doping. 

Figures 15F and 15G are the same as Figures 
1 1 E and 1 1 F of Example 1 . Description on these steps 
is therefore omitted. 

According to the fabricating process of this exam- 
ple, the gate electrode 3 is formed as a single contin- 
uous layer having the gate electrode portions 3a and 
3b. As Example 1 , the fabricating process of this ex- 
ample makes it possible to fabricate the TFT pair in- 
cluding the gate electrode made of polys il icon having 
a structure which can not be obtained by the conven- 
tional fabricating process. By Integrally forming the 
gate electrode, it is not necessary to form two con- 
tacts as conventionally required for connecting the 
two electrically- isolated gate electrodes through the 
metal inter connection. This reduces the number of 
contacts required for the TFT pair, and as a result low- 
ering of the production yield caused by a contact de- 
fect can be prevented. 

The fabricating process of this example is also 
advantageous in that one photolithographic process 
can be saved. This reduces the possibility of the oc- 
currence of defects caused by the attachment of fine 
particles in the air to a mask used in the process. As 
a result, the production yield improves. 

As in Example 1, the joint portions 3c and 3d of 
the gate electrode portions 3a and 3b have preferably 
a greater width than the remaining portions thereof, 
as shown in Figure 12. 

In the illustrated example, the gate electrode is 
made of poly silicon doped with either p-type or n-type 
impurity atoms. Alternatively, the gate electrode may 
be made of metal orundoped pofysilicon. Such metal 
includes tungsten, titanium, molybdenum, and the 
like having a high melting point, including a silicide 
thereof. Aluminum may also be used, which is advan- 
tageous in having a lower resistance than the former 
metals having a high melting point When the metal or 
undoped polysilicon is used as the material of the 
gate electrode, the semiconductor 1 is doped with 
either p-type or n-type impurity atoms during the first 
ion implantation or doping shown in Figure 15D. The 
subsequent steps are the same as those described 
above. For example, when the semiconductor layer 1 
is doped with n-type impurity atoms at the first ion im- 
plantation or doping, the semiconductor layer 2 
should be doped with p-type impurity atoms. 

Example 3 

Figure 16 is a plan view showing two TFT pairs 



each having a CMOS structure. Each of the two TFT 
pairs corresponds to the TFT pair shown in Figure 1 . 
Components constituting one of the two TFT pairs are 
denoted by the same reference numerals as those for 

5 the corresponding components shown in Figure 1, 
while components constituting the other TFT pair are 
denoted by adding '(dash) to the corresponding ref- 
erence numerals. 

As shown in Figure 16, two PMOS transistors are 

10 formed on a semiconductor layer 1. These PMOS 
transistors have a common drain region 1b (1b') t and 
the two TFT pairs are disposed symmetrical to each 
other with regard to the drain region 1b. Figure 17 is 
a circuit diagram of the two TFT pairsshown in Figure 

15 16. 

The process for fabricating the two TFT pairs by 
a stepper wilt be described step by step with refer- 
ence to Figures 18A and 18D. Assuming that align- 
ment accuracy of the stepper is within ±0.5 um and 

20 the accuracy of the mask is within ±1 *im. 

Referring to Figure 18A, three semiconductor 
layers 1, 2, and 2 are formed on a transparent insu- 
lating substrate (not shown). For example, the semi- 
conductor layer 1 has a size of 5-100 \im in a longitu- 

25 dinal direction and 60-65 jim in a lateral direction. The 
semiconductor layers 2 and 2' are respectively 
formed at positions apart from the semiconductor lay- 
er 1 by approximately 20 um in the longitudinal direc- 
tion and approximately 5-10 \im in the lateral direc- 

30 tion. Then, a gate insulating film (not shown) is 
formed so as to cover the semiconductor layers 1 , 2, 
and 2'. 

Agate material film (not shown) is formed on the 
gate insulating film. The gate material film is made of 

35 polysilicon doped with either p-type or n-type impur- 
ity atoms. Then, a resist film 9 is formed on the gate 
material film and patterned as shown in Figure 18B 
(hatched area) so as to cover areas allocated for gate 
electrode portions 3b and 3b' and at least areas allo- 

40 cated for gate electrode portions 3a and 3a* and the 
semiconductor layer 1. When portions 9b and 9b' of 
the resist film 9 respectively corresponding to the 
gate electrode portions 3b and 3b* are 5 fim wide, for 
example, portions 9d and 9d' of the resist film 9 re- 

45 spectively corresponding to joint portions 3d and 
3d' can be wider by 2.5 um on each side. As a result, 
the width of the portions 9d and 9d' can be 10 uxn. 
Thereafter, portions of the gate material film which 
are not covered with the resist film 9 are completely 

so etched, thereby forming the date electrode portions 
3b and 3b'. 

With the resist film 9 kept unremoved, the semi- 
conductor layers 2 and 2* are doped with n-type im- 
purity atoms by a first ion implantation or doping, as 
55 shown in Figure 18B. As a result, an nMype source 
region 2a and an nMype drain region 2b are formed 
in the semiconductor layer 2, and an nMype source 
region 2a* and an nMype drain region 2b' are formed 



BNSDOCID: <EP 0582486A2J_> 



15 



EP 0 582 486 A2 



16 



in the semiconductor layer 2'. The resist film 9 is re- 
moved after the first ion implantation or doping. 

Thereafter, resist fflms 11 and 1V are formed on 
the gate material film and patterned as shown in Fig- 
ure 18C (hatched area). The resist film 11 covers an 5 
area allocated for the gate electrode portion 3a and 
at least the gate electrode portion 3b and the semi- 
conductor layer 2. The resist film 11' covers an area 
allocated for the gate electrode portion 3a' and at 
least the gate electrode portion 3b' and the semicon- 10 
ductor layer 2*. When portions 11a and 11a* of the re- 
sist film 11 respectively corresponding to the gate 
electrode portions 3a and 3a* are 5 um wide, for ex- 
ample, portions 11c and 11c' of the resist film 11 re- 
spectively corresponding to joint portions 3c and 15 
3c' can be wider by 2.5 um on each side. As a result, 
the width of the portions 11c and 11c* can be 10 urn. 

The resist films 11 and 11* should be formed so 
that they do not ova-lap the resist film 9 if the resist 
film 9 has not been removed , except for the wider por- 20 
tions 11c and 11c'. For example, the portions 11c and 
11c* may overlap the resist film 9 by a length of 10 
urn. This results in the formation of gate electrode 
portions having a size of 10 \xm x 10 um at the joint 
of the gate electrode portions 3a and 3b and at the 25 
joint of the gate electrode portions 3a' and 3b', re- 
spectively. 

Thereafter, portions of the gate material film 
which are not covered with the resist films 11 and 
11' are completely etched, thereby forming the gate 30 
electrode portions 3a and 3a*. Thus, the gate elec- 
trode portions 3a and 3b are formed as a single con- 
tinuous layer as the gate electrode 3, and the gate 
electrode portions 3a' and 3b' are formed as a single 
continuous layer as the gate electrode 3*. 35 

With the resist films 11 and 11' kept un removed, 
the semiconductor layer 1 is doped with p-type impur- 
ity atoms 1 0 by a second ion implantation or doping, 
as shown in Figure 18C. As a result, a pMype source 
regions 1 a and 1 a' and a pMype drain region 1 b (1 b') 40 
are formed on the semiconductor layer 1. The resist 
films 11 and 11' are removed after the second ion im- 
plantation or doping. 

An interlevel insulating film (not shown) covering 
the semiconductor layers 1, 2, and 2' and the gate 45 
electrodes 3 and 3* is formed. Then, as shown in Fig- 
ure 1 8D, contact holes and electrodes (hatched areas 
in Figure 18D) are formed. The size of each contact 
hole may be 3 um x 3 um, and the width of each elec- 
trode may be 12 um. Though two contact holes 5 and 50 
5' are formed so as to reach the drain region 1 b (1 b*) 
in Figure 18D, only one contact hole may be formed 
so as to reach the drain region 1 b (1 b') since the drain 
region 1b (1b*) is shared by the two PMOS transistors. 

Thus, according to the fabricating process of this 55 
example, the gate electrode 3 is formed as a single 
continuous layer having the gate electrode portions 
3a and 3b t and the gate electrode 3' is formed as a 



single continuous layer having the gate electrode por- 
tions 3a* and 3b'. The fabricating process of this ex- 
ample, as those of the previous examples, makes it 
possible to fabricate the TFT pair including the gate 
electrode made of poIysOicon having a structure 
which can not be obtained by the conventional fabri- 
cating process. By integrally forming the gate electro- 
da, it is not necessary to form two contacts as con- 
ventionally required for connecting the two electrical- 
ly-isolated gate electrodes through the metal inter- 
connection. This reduces the number of contacts re- 
quired for the TFT pair, and as a result lowering of the 
production yield caused by a contact defect can be 
prevented. 

Another advantage of the fabricating process of 
this example is that one photolithographic process 
can be saved. This reduces the possibility of the oc- 
currence of defects caused by the attachment of fine 
particles in the air to a mask used during the process. 
As a result, the production yield improves. 

In the illustrated example, the gate electrode is 
made of polysilicon doped with either p-type or n-ty- 
pe impurity atoms. Alternatively, the gate electrode 
may be made of metal or undoped polysilicon. Such 
metal includes tungsten, titanium, molybdenum, and 
the like having a high melting point, including a silicide 
thereof. Aluminum may also be used, which is advan- 
tageous in having a lower resistance than the former 
metals having a high melting point 

Example 4 

This example illustrates a process for fabricating 
a TFT pair having separate gate electrodes with ref- 
erence to Figures 19A to 19D. 

As shown in Figure 1 9A, two semiconductor lay- 
ers 191 and 192 are formed on a transparent insulat- 
ing substrate (not shown). The semiconductor layers 
191 and 192 are then covered with a gate insulating 
film (not shown). A gate material film (not shown) is 
formed on the gate insulating film. The gate material 
film is made of polysilicon doped with either p-type or 
n-type impurity atoms. 

A resist film 210 is formed on the gate material 
film and patterned as shown in Figure 19B (hatched 
areas) so as to cover an area allocated for a gate elec- 
trode 193 and at least the semiconductor layer 192. 
Then, areas which are not covered with the resist film 
21 0 are completely etched, t hus to form the gate elec- 
trode 193. 

With the resist film 210 kept unremoved, the 
semiconductor layer 191 is doped with either p-type 
or n-type impurity atoms by a first ion implantation or 
doping. For example, the semiconductor layer 191 
can be doped with n-type impurity atoms, as shown 
in Figure 19B, thus forming an n + -type source region 
191a and an nMype drain region 191b in the semi- 
conductor layer 191. The resist film 210 is removed 
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after the first ton implantation or doping. 

Thereafter, a resist film 220 is formed on the gate 
material film and patterned as shown in Figure 19C so 
as to cover an area allocated for a gate electrode 194 
and at least the semiconductor layer 191. The resist 
film 220 should be formed so that it would not overlap 
the resist film 210 if the resist film 210 had not been 
removed. This ensures that no unnecessary elec- 
trode portion is formed. Then, areas which are not 
covered with the resist film 220 are completely etch- 
ed, thus forming the gate electrode 194. 

With the resist film 220 kept un re moved, a sec- 
ond ion implantation or doping is conducted in which 
the semiconductor layer 192 is doped with impurity 
atoms of the conductivity type different from the one 
used for the first ion implantation or doping. For ex- 
ample, the semiconductor layer 192 can be doped 
with p-type impurity atoms as shown in Figure 19C, 
thus forming a p + -type source region 192a and a p + - 
type drain region 192b. The resistfilm 220 is removed 
after the second ion implantation or doping. 

An interlevel insulating film (not shown) covering 
the semiconductor layers 191 and 192 and the gate 
electrodes 193 and 194 is formed. Then, as shown in 
Figure 19D, contact holes and electrodes (hatched 
areas in Figure 19D) are formed. 

According to the method of this example, though 
the resultant TFT pair has the same structure as that 
of the conventional TFT pair, one photolithographic 
process can be saved. This reduces the possibility of 
the occurrence of defects due to the attachment of 
fine particles in the air to a mask used during the 
process, and as a result, the production yield im- 
proves. 

In the illustrated example, the gate electrode is 
made of polysilicon doped wit h either p-type or n-type 
impurity atoms. Alternatively, the gate electrode may 
be made of metal orundoped polysilicon. Such metal 
includes tungsten, titanium, molybdenum, and the 
like having a high melting point, including a silicide 
thereof. Aluminum may also be used, which is advan- 
tageous in having a lower resistance than the former 
metals having a high melting point 

In the above-described examples, the semicon- 
ductor layers made of polysilicon are doped with im- 
purities by the following methods: 

A first method is an ion doping utilizing self acti- 
vation of impurities. According to this method, impur- 
ities implanted into the polysilicon are activated by a 
sufficient amount of hydrogen ions provided during 
the ion implantation. By this activation, a high- 
temperature annealing process after the ion implan- 
tation can be omitted. This means that the tempera- 
ture can be kept as low as approximately 450°C or 
less through the process of forming the source and 
drain regions. As a result, metal having a compara- 
tively low melting point can be used as the material of 
the gate electrode, in addition to the conventional 



polysilicon doped/undoped with impurity atoms. 
Therefore, this method is advantageous in that alu- 
minum having a low melting point can be used as the 
material of the gate electrode. Examples of the con- 

5 ditions for the ion implantation according to this meth- 
od are as follows: 

When an n-channel TFT is fabricated, phospho- 
rus ions are implanted into a semiconductor layer to- 
gether with hydrogen ions at an implantation energy 

w of 88 KeV so as to obtain a dose of phosphorus of 6 
x 10 15 ions/cm 2 . When a p-channel TFT is fabricated, 
boron ions are implanted into a semiconductor layer 
together with hydrogen ions at an implantation ener- 
gy of 31 KeV so as to obtain a dose of boron of 6 x 

15 1 0 15 ions/cm 2 . In order to generate hydrogen ions, the 
concentration of hydrogen contained in the material 
gas is 80% or more. 

The second method is an ion doping not utilizing 
self activation of impurities. According to this method, 

20 since a high-temperature annealing process is re- 
quired, a metal having a low melting point such as alu- 
minum can not be used. Examples of the conditions 
for the ion implantation according to this method are 
as follows: 

25 When an n-channel TFT is fabricated, phos- 

phorus ions are implanted into a semiconductor layer 
together with hydrogen ions at an implantation ener- 
gy of 88 KeV so as to obtain a dose of phosphorus of 
2 x 1 0 15 ions/cm 2 When a p-channel TFT is fabricated, 

30 boron ions are implanted into a semiconductor layer 
together with hydrogen ions at an implantation ener- 
gy of 31 KeV so as to obtain a dose of boron of 2 x 
1 0 15 ions/cm2. In order to generate hydrogen ions, 
the concentration of hydrogen contained in the mate- 

35 rial gas is 80% or more. The ratios of doses of phos- 
phorus ions and boron ions to hydrogen ions are the 
same as those employed in the first method. 

Other doping methods include general ion im- 
plantation methods, which normally require a hig h- 

40 temperature annealing process. Therefore, the use of 
a metal having a low melting point such as aluminum 
is not possible. 

Thus, according to the process for fabricating a 
TFT pair of the present invention, a resist film used for 

45 the formation of a gate electrode can also be used for 
the formation of a source region and a drain region. 
Moreover, the resist film used for the formation of the 
gate electrode can also be used to protect a source 
region and a drain region which should be of one of 

so the conductivity types from being doped with impuri- 
ties of the other conductivity type. This reduces the 
number of photomasks and the number of photolitho- 
graphic processes required for the process for fabri- 
cating the TFT pair. 

55 According to the fabricating processes of Exam- 

ples 1, 3, and 4, polysilicon previously doped with 
either p-type or n-type impurity atoms can be used as 
the material of the gate electrode. The gate electrode 

10 
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is covered with a resist film when the source and 
drain regions are formed by ion implantation or other 
doping methods. As a result, the gate electrode is pre- 
vented from being doped with impurity atoms having 
a conductivity type different from the one of the pre- 
viously doped impurity atoms. The conductivity of the 
gate electrode is thus protected from being lowered. 

According to the fabricating process of Example 
2, polysOicon previously doped with either p-type or 
n-type impurity atoms can be used as the material of 
the gate electrode. When the source and drain re- 
gions are formed by ion implantation or other doping 
methods, the gate electrode is doped with impurity 
atoms of the same conductivity type as that of the 
previously doped impurity atoms. As a result, the gate 
electrode is prevented from Including portions doped 
with impurity atoms having a conductivity type differ- 
ent from the one of the previously doped impurity 
atoms. The same effect can be obtained when undop- 
ed polysilicon is used as the material of the gate elec- 
trode. The conductivity of the gate electrode is thus 
protected from being lowered. 

Further, according to the fabricating processes of 
Examples 1 to 3, two contacts conventionally required 
for connecting the two electrically-isolated gate elec- 
trodes through a metal interconnection are not neces- 
sary. This reduces the number of contacts required 
for the TFT pair, and as a result lowering of the pro- 
duction yield caused by a contact defect can be pre- 
vented. 

Due to the above-described reasons, the opera- 
tion efficiency during the fabricating process and the 
production yield of the resultant TFT pairs are im- 
proved. 

The TFT pair of the present invention includes a 
gate electrode having a first gate electrode portion 
and a second gate electrode portion. The first gate 
electrode portion includes the first joint portion hav- 
ing a width greater than that of the remaining portion 
thereof. The second gate electrode portion includes 
a second joint portion having a width greater than that 
of the remaining portion thereof. The first and second 
Joint portions are connected to each other. The first 
gate electrode portion with the first joint portion and 
the second gate electrode portion with the second 
joint portion-constitute a single continuous layer. This 
structure is advantageous in that the resist films used 
in the above-described fabricating process can be 
easily aligned. Further, by forming a contact hole on 
the widened first and second joint portions, the con- 
tact resistance can be reduced regardless of the 
width of the remaining portions of the first and sec- 
ond gate portions. 

Various other modifications will be apparent to 
and can be read fly made by those skilled in the art 
without departing from the scope and spirit of this in- 
vention. Accordingly, it is not intended that the scope 
of the claims appended hereto be limited to the de- 



scription as set forth herein, but rather that the claims 
be broadly construed. 

5 Claims 

1 . A thin f Dm transistor pair comprising: 
a substrate; 

a first semiconductor layer formed on said 

10 substrate, said first semiconductor layer having a 
source region of a first conductivity type, a drain 
region of said first conductivity type, and a chan- 
nel region interposed between said source region 
and said drain region; 

is a second semiconductor layer formed on 

said substrate at a position apart from said first 
semiconductor layer, said second semiconductor 
layer having a source region of a second conduc- 
tivity type, a drain region of said second conduc- 

20 trvity type, and a channel region interposed be- 

tween said source region and said drain region; 

a gate insulating film covering said first 
semiconductor layer and said second semicon- 
ductor layer; and 

25 a gate electrode formed on said gate insu- 

lating film, said gate electrode having a first gate 
portion covering said channel region of said first 
semiconductor layer and a second gate portion 
covering said channel region of said second sem- 

30 iconductor layer, 

wherein said first gate portion of said gate 
electrode has a first joint portion having a width 
greater than that of the remaining portion of said 
first gate portion, and said second gate portion of 

35 said gate electrode has a second joint portion 

having a width greater than that of the remaining 
portion of said second gate portion, said first and 
second joint portions being connected to each 
other, and 

40 wherein said first gate portion with said 

first joint portion and said second gate portion 
with said second joint portion constitute a single 
continuous layer. 

45 2. A thin film transistor pair comprising: 
a substrate; 

a first semiconductor layer formed on said 
substrate, said first semiconductor layer having a 
source region of a first conductivity type, a drain 

50 region of said first conductivity type, and a chan- 
nel region interposed between said source region 
and said drain region; 

a second semiconductor layer formed on 
said substrate at a position apart from said first 

55 semiconductor layer, said second semiconductor 

layer having a source region of a second conduc- 
tivity type, a drain region of said second conduc- 
tivity type, and a channel region interposed be- 

11 
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tween said source region and said drain region; 

a gate insulating film covering said first 
semiconductor layer and said second semicon- 
ductor layer; and 

a gate electrode formed on said gate insu- s 
lating film, said gate electrode having a first gate 
portion covering said channel region of said first 
semiconductor layer and a second gate portion 
covering said channel region of said second sem- 
iconductor layer, 10 

wherein said first gate portion and said 
second gate portion constitute a single continu- 
ous layer, and 

said gate electrode is made of polysilicon 
doped with impurity atoms of substantially one of 15 
said first conductivity type and said second con- 
ductivity type. 

3. A process for fabricating athin film transistor pair, 

said thin film transistor pair including: 20 
a substrate; 

a first semiconductor layer formed on said 
substrate; 

a second semiconductor layer formed on 
said substrate at a position apart from said first 25 
semiconductor layer, 

a gate insulating film covering said first 
semiconductor layer and said second semicon- 
ductor layer and 

a gate electrode formed on said gate insu- 30 
lating film, said gate electrode having a first gate 
portion covering a channel region of said first 
semiconductor layer and a second gate portion 
covering a channel region of said second semi- 
conductor layer, 35 

said process comprising the steps of: 

forming said first semiconductor layer and 
said second semiconductor layer on said sub- 
strate; 

forming said insulating film covering said 40 
first semiconductor layer and said second semi- 
conductor layer; 

forming a gate material film on said gate 
insulating film; 

forming a first resist film on said gate ma- 45 
terial film, said first resist film being patterned to 
cover a portion allocated for said first gate portion 
and at least a portion allocated for said second 
gate portion and said second semiconductor lay- 
er; 50 

forming said first gate portion by etching 
said gate material film using said first resist film 
as a mask; 

doping a portion of said first semiconduc- 
tor layer not covered with said first gate portion 55 
with impurity atoms of a first conductivity type be- 
fore the removal of said first resist film so as to 
form a source region and a drain region in said 



first semiconductor layer; 

removing said first resist film; 

forming a second resist film patterned to 
cover at least said first gate portion and said first 
semiconductor layer and a portion allocated for 
said second gate portion of said gate material 
film; 

forming said second gate portion by etch- 
ing said gate material film using said second re- 
sist film as a mask; 

doping a portion of said second semicon- 
ductor layer not covered with said second gate 
portion with impurity atoms of a second conduc- 
tivity type before the removal of said second re- 
sist film so as to form a source region and a drain 
region in said second semiconductor layer; and 

removing said second resist film. 

4. A process according to claim 3, wherein said gate 
material film is made of polysilicon doped with im- 
purity atoms of one of said first conductivity type 
and said second conductivity type. 

5. A process according to claim 3, wherein said gate 
material film is made of metal. 

6. A process according to daim 3, wherein said first 
gate portion and said second gate portion consti- 
tute a single continuous layer. 

7. A process for fabricating a thin film transistor pair, 
said thin film transistor pair including: 

a substrate; 

a first semiconductor layer formed on said 
substrate; 

a second semiconductor layer formed on 
said substrate at a Position apart from said first 
semiconductor layer; 

a gate insulating film covering said first 
semiconductor layer and said second semicon- 
ductor layer; and 

a gate electrode formed on said gate insu- 
lating film, said gate electrode having a first gate 
portion covering a channel region of said first 
semiconductor layer and a second gate portion 
covering a channel region of said second semi- 
conductor layer, 

said process comprising the steps of: 

forming said first semiconductor layer and 
said second semiconductor layer on said sub- 
strate; 

forming said insulating film covering said 
first semiconductor layer and said second semi- 
conductor layer; 

forming a gate material film on said gate 
insulating film; 

forming a first resist film on said gate ma- 
terial film, said first resist film being patterned to 



BNSOOCID: <EP 0582486A2_L> 



1 



23 



EP 0 582 486 A2 



24 



cover a portion allocated for said first gate portion 
and at least a portion allocated for said second 
gate portion and said second semiconductor lay- 
en 

forming said first gate portion by etching 
said gate material film using said first resist film 
as a mask; 

removing said first resist film; 

doping a portion of said first semiconduc- 
tor layer not covered with said first gate portion 
with impurity atoms of a first conductivity type af- 
ter the removal of said first resist f Dm so as to 
form source region and a drain region in said first 
semiconductor layer; 

forming a second resist film patterned to 
cover at least said first gate portion and said first 
semiconductor layer and a portion allocated for 
said second gate portion of said gate material 
film; 

forming said second gate portion by etch- 
ing said gate material film using said second re- 
sist film as a mask; 

doping a portion of said second semicon- 
ductor layer not covered With said second gate 
portion with impurity atoms of a second conduc- 
tivity type before the removal of said second re- 
sist film so as to form a source region and a drain 
region in said second semiconductor layer; and 

removing said second resist film. 

8. A process according to claim 7, wherein said gate 
material f 3m is made of polysQicon doped with im- 
purity atoms of said first conductivity type. 

9. A process according to claim 7, wherein said gate 
material film is made of metal. 

10. A process according to claim 7, wherein said gate 
material film is made of polysilicon undoped with 
impurity atoms. 

11. A process according to claim 7, wherein said first 
gate portion and said second gate portion consti- 
tute a single continuous layer. 

12. A thin film transistor pair comprising: 

a substrate; 

a first semiconductor layer formed on said 
substrate; 

a second semiconductor layer formed on 
said substrate at a position apart from said first 
semiconductor layer; 

a gate insulting film covering said first 
semiconductor layer and said second semicon- 
ductor layer; and 

a gate electrode formed on said gate insu- 
lating film, said gate electrode having a first gate 
portion covering a channel region of said first 



semiconductor layer and a second gate portion 
covering a channel region of said second semi- 
conductor layer, 

wherein said first and second gate por- 
5 tions are connected to each other, and constitute 

a single continuous layer. 

13. A thin fflm transistor pair according to claim 12, 
further including an insulating fOm covering said 

10 first and second semiconductor layers and said 
gate electrode, said insulating film including 
source and drain contact holes reaching source 
regions and drain regions of said first and second 
semiconductor layers; and a gate contact hole 

15 reaching said single continuous layer to enable a 
single contact to be made through said gate con- 
tact hole to said interconnected first and second 
gate portions. 

20 14. A method of forming a thin film transistor pair on 
a substrate, each transistor comprising a respec- 
tive semiconductor layer with source, drain and 
channel regions and a gate electrode portion over 
said channel region with a gate insulating film dis- 

25 posed therebetween, the method including dop- 

ing the source and drain regions of the semicon- 
ductor layers with impurity atoms of one conduc- 
tivity type for one of said transistors and of the op- 
posite conductivity type for the other of said tran- 

30 sistors, wherein at least one of the two doping op- 

erations is effected while a resist pattern used in 
the formation of the gate electrode portion of the 
relevant transistor still covers that formed gate 
electrode portion and the source and drain re~ 

35 gions of the other semiconductor layer. 
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(S) A thin film transistor pair and a process for fabricating the same. 



(57) A thin film transistor pair including a gate 
electrode having first and second gate portions 
and a process for fabricating the same are 
provided. The process includes forming a sour- 
ce region and a drain region in a first semicon- 
ductor layer using a first resist film used for the 
formation of the first gate portion, and forming 
a source region and a drain region in a second 
semiconductor layer using a second resist film 
used for the formation of the second gate por- 
tion. The first and second gate portions may 
have widened joint portions connected to each 
other. 
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